The aim of this study was to investigate the effect that changing step height had on ground reaction force. Using a randomised crossover design, 12 volunteers with no previous experience of step aerobics were recruited to perform at three different step heights: 6, 8, and 10 inches. Subjects performed a basic step at a cadence of 120 beats/min and performed three one minute trials during which ground reaction force was measured. Measurement of peak impact force, time to achieve peak impact, and total time of foot contact was made, and impulse of the force was calculated. Statistically significant differences were found to exist for peak impact force between the 6 and 8 inch and 6 and 10 inch, but not between the 8 and 10 inch conditions. No significant differences were found in any other parameters. The study supports the present advice that participants should use low step heights, and possible mechanisms of injury are discussed. (BrJt Sports Med 1997;31:109-1 13) 
This study investigates the relation between step heights and ground reaction forces. The hypothesis to be explored was that differences exist between three step height conditions-6, 8, and 10 inches-in terms of peak vertical impact, impulse of the force, time to peak impact, and time of total foot contact. Literature relating to step exercise is reviewed, and the mechanisms of injury that are possibly associated with this type of activity are discussed.
Step aerobics is claimed to be a high intensity low impact aerobic workout, carrying a low injury risk, which conditions the lower body and can also condition the upper body. The intensity of the workout can be manipulated by adjusting step height and/or by the use of hand weights. Proponents of step aerobics claim that ground reaction forces (GRFs) are similar to those of walking.' In a UK television consumers programme, step aerobics came under scrutiny because of these claims. Safety fears were expressed for participants because of claims that the research cited to authenticate step aerobics was inherently flawed. Injury potential arising from incorrect stepping techniques was also highlighted.
There are few reported studies on the effects of step aerobics on GRF. Johnson et ar compared 40 minutes of bench stepping on an 8 inch step with "normal" walking, slow jogging, low impact marching, and high impact double hop knee lifts, and found that bench stepping had lower recorded GRFs (1.46 corrected for body weight (BW), 1.1 3BW, 2.26BW, 1.74BW and 3.14BW) than all other exercises, excluding walking. Farrington and Dyson4 measured forces in three planes over four step heights: 4, 6, 8, and 10 inches. They found that the vertical component of the GRF ranged from 1.453 to 1.863BW for the basic step; similar values were reported for other step patterns. They concluded that step aerobics may not be as low impact an exercise as originally thought, and they suggested that to minimise injury risk an optimal step height related to aerobic benefit could be used in combination with manipulation of the routine by the addition of hand weights and by using more complex step patterns.
Nisell et ar quantified ankle and knee moments, femoral shear, and compressive forces that occurred during four different step down activities from a 20 cm height. Their results indicated that step downs with the ball of the foot gave softer vertical GRFs, with lower forces recorded for backward ball steps than for forward ball steps. They went on to suggest that in forward jumps and steps the moment arms are almost equal for the vertical force (Fz) and the anteroposterior force (Fx) at the ankle joint. However, at the knee the Fx moment arm is relatively larger than the Fz moment arm, thus exerting a greater influence over knee load moment. Unfortunately they make no mention of forces related to backward steps.
Mital et ar studied several riser and tread combinations to determine the values that gave minimal hip, knee, and ankle joint moments. They found that riser height had a profound effect on all moments, except hip moment. As the riser height increased, so did both knee and ankle joint force. Andriacchi et afi studied both ascending and descending stairs, and reported that descending brought about the largest moments, larger than walking. However, the mechanics of walking are different from those of ascending or descending stairs. In addition, phasic muscle activity is different, with increased activity in muscles responsible for vertical activity, and knee extensor force generated in stair climbing is higher than in level walking.
Andriacchi et af suggest that if joint force is assumed to be proportional to external moment at the joint, then the magnitude of the knee joint force generated while descending stairs could be more than six times body weight at 500 knee flexion. In walking, this amount of force tends to occur near full extension.
Nisell and Mizrahi8 studied the effects of different step down activities from step heights of 0.2 and 0.43 m (8 and 17 inches respectively). They reported that during step down activities the lowering leg is subject to more force than the impact leg, thus acting to decelerate and soften the impact of the lowered leg. When calculated, the compressive joint load when descending stairs was found to be four times body weight.
THE MUSCULOSKELETAL SYSTEM
A major role played by the musculoskeletal system is energy dissipation. During day to day activities joints and bones are subjected to high impulsive loads, leading to high peak dynamic loads. The idea that impulsive loads are involved in joint degeneration was proposed by Radin et al.9 Joints are subjected to two types of force: shear force caused by articulation and compressive force produced by longitudinal loading. Further work by Radin and others"0-2 suggests that degeneration of joints could be a consequence of repetitive loading, the nature and degree being more important than the total force. Gymnasts successfully attenuate landing forces by using large degrees of joint flexion," although the heights used in gymnastics are greater than those used in step aerobics. The body also relies on active and passive mechanisms.'4 '5 Active attenuation, as in toe strike running, is achieved by proprioceptive activation of muscle tone to soften impact forces; this is also thought to lead to muscle and bone strengthening.'6 Footwear also improves the shock attenuating ability of the body.'7 Pratt" suggests that in modern running shoes forefoot cushioning can decrease by 20% after 350 miles of wear, even though rearfoot cushioning may be unaffected. He suggests that poor or worn shoes may give rise to patello femoral joint pain, peritendinitis of the tendo Achillis, and tibialis posterior tendinitis. In step aerobics, the ball of the foot is placed down first, followed by the heel. A loss of forefoot cushioning'4 would lead to reduced shock attenuation by the shoe material and increased shock attenuation by the body's active mechanisms, such as the intrinsic muscles of the foot and plantar flexors.
Stepping activities rely heavily on eccentric muscle work. Pain and stiffness are signs of muscle damage according to Strauber,'9 and occur at different times after eccentric muscle action as a result of shortening of the non-contractile elements of the muscle.20 Muscle soreness can be classified into immediate and delayed, with maximum muscle trauma being caused by long duration high torque force producing exercises.2' This may be exacerbated by leg length inequality (anisomelia), which is often cited by some authors as a possible factor that may predispose individuals to an increased risk of injury. With injuries such as low back pain, stress fractures, and osteoarthritis, compensatory mechanisms and increasing internal joint forces can be introduced and these can be aggravated by repetitive impulse loading.22 Obviously, leg length inequality could have a bearing on injury incidence during step exercise, individuals with large discrepancies being more at risk.
Methods
To investigate the hypothesis, a randomised crossover design was implemented, using a Kistler force plate to measure GRFs. After satisfactory completion of a health screening questionnaire, a convenient self-selected sample of 12 female subjects were randomly assigned to three exercise sessions to perform at all the three heights under investigation. The three sessions were required to avoid warm up decrement and because of equipment and subject availability. The order in which the step heights were used by each subject was also randomised. Random assignment to the exercise sessions and to the order of step heights within each session was achieved by means of the random drawing of names.23 Novice steppers were used, experienced steppers being excluded from the study.
Variables thought to influence GRF were addressed in the following way. * The stepping frequency was set at 120 beats/minute; lower stepping frequencies may have decreased, while higher frequencies may have increased, GRFs. * No arm movements were taught, although they are often used in step classes to increase the work load, as these may have had an effect on GRF. * Fatigue was prevented by the short duration of the exercise session; fatigue would have altered GRF and this factor was not under investigation because of limitations of time and equipment. * Footwear type was limited to training shoes. * Practice effects were controlled by randomisation of the order of step heights for each subject. A Reebok step was positioned adjacent to a Kistler force plate, type 9281B, sunk into a sprung walkway. This was to allow the subject to step one foot centrally on the force platform and the other on to the walkway (fig 1) Results Table 2 gives a summary of the results. Analysis of the data for duration of foot contact at the various step heights showed no significant differences between the heights (F = 2.52; df = 22,2; P>0.05). Analysis of the data for time to achieve peak force at the various step heights showed no significant differences between the heights (F = 1.98; df = 22,2; P>0.05).
Analysis of the data for impulse at the various step heights showed no statistically significant differences between the heights (F = 0.84; df = 22,2; P>0.05).
Analysis of the data for peak force at foot contact at the various step heights showed a significant within-subject effect (F = 8.67; df = 22,2; P<0.01). Figure 2 shows Aging footwear may play a role in the mechanism of injury. The implication for step enthusiasts is that a reduction in forefoot cushioning may lead to an increased risk of injury, because it is the forefoot that contacts the ground first. In step exercise, the ball of the foot is placed down first, followed by the heel. A loss of forefoot cushioning'4 would lead to reduced shock attenuation by the shoe material and increased shock attenuation by the body's active mechanisms, such as the intrinsic muscles of the foot and plantar flexors. This may lead to plantar fasciitis or peritendinitis of the tendo Achillis. Loss of rearfoot cushioning would not have such consequences, as explained by Lafortune and Henning. '7 A factor that may influence the risk of injury is leg length. McCaw and Bates22 report that leg length inequality predisposes individuals to an increased risk of injury. It could be postulated that on stepping down, the shorter leg would travel slightly further before it contacted the ground, which would mean the longer lowering leg would be subjected to slightly higher moment forces which would cause increased damage to the patellofemoral joint. In addition, the resulting muscle imbalance in the pelvis, brought about by intrinsic compensations for the leg length inequality, may predispose the individual to lumbar spine problems.
It is recognised that this pilot study has limitations; the sample is not truly representative of the general population of step participants in terms of age, gender, and fitness levels. Further work may need to be carried out to investigate if stratifying for age and fitness level influences GRF in response to altering step height. Difficulties were observed in this study in step timing and the maintenance of correct technique which may need to be considered further, although this study did reflect what frequently happens with novice steppers. Errors may have also been introduced because of the orientation of the step platform.
Conclusion
The results of this study support the use of low step heights. Raising the step height appears to increase the forces exerted on the stepper, although no such relation was found to exist in terms of the impulse, time of foot contact, or time to achieve peak force. From the findings of this study, mechanisms of injury can be inferred. Eccentric muscle work predominates in step aerobics and this type of muscle contraction may lead to widespread muscle damage, producing adverse mechanical tension type injuries to nervous tissue. Fatigue, often experienced by novices, could lead to stress fractures in the tibia or calcaneus and an increased risk of osteoarthritis in later years. This is likely to arise through damage to articular surfaces caused by impulsive loads, related to the reduced effectiveness of the body's active shock attenuating mechanisms. However, patellofemoral and hip joint damage in stepping up and stepping down activities could be due to the moment forces about these joints in addition to GRFs. The relation between step height and moment forces warrants further investigation.
